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In 2020, the world of education in Indonesia experienced a different situation due 
to the covid-19 virus. Thus, learning higher institutions also changes. The consequence that 
must be faced by lecturers and students is to start learning from home online. According to 
Abidah et al (2020), online or digital learning is in line with the era of industrial revolution 
4.0 and community 5.0 with many advantages and disadvantages in the learning process. 
Furthermore, according to Yulia (2020), face-to-face learning has now been replaced by 
online learning. And that encourages educators to use various learning strategies to 
complete learning material, provide understanding to students, and improve online 
learning.  
One way to make online learning effective for 5th-semester students of biology 
education FKIP UNPATTI during this pandemic is to use digital comics. According to 
Azman et al (2014), digital comics are a type of comic that uses technology to maintain 
quality, reduces physical space for storing books, is a file that is easily shared portable, or 
downloaded on websites. Wylie (2016) have succeeded in developing digital comics for 
Engineering Students to improve their abilities. Yulian (2018) also developed e-comic-
based digital comics that can improve the quality of learning and are fun, so as to empower 
students' attention in understanding teaching material. The development of comics is based 
on their nature and types, namely interactive, two-dimensional, dynamic, easy to access, 
and carry because they are stored on digital devices such as smartphones, and are durable. 
Peterzen (2011) adds that the main difference is that printed comics have been converted 
to digital so that they can be read using certain electronic devices. 
Also, the development of digital comics can attract students to learn. According to 
Ahmad (2012) elements in comics in the form of images, writings, and humor can attract 
and engage readers' emotions deeply. If comics are made digitally, interactive emotions 
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and thoughts between students as readers and comics can be created. This can increase 
student motivation to study, especially during this pandemic. Motivation to learn is an 
encouragement to learn. Motivation to learn can be created if learning is designed 
differently from learning that is usually followed by students. Research by Ranker (2007)  
shows that the motivation of students can increase when using comic book media in science 
learning. If digital comics are used as a learning medium in studying the concept of 
bacteria, then at the end of learning, students are also required to produce creative and 
innovative digital-based products. 
If students are also assigned to make digital comics about bacteria, then students 
can work and develop problem solving skills and critical thinking. This happens because 
during the development of comics, students must understand how to use digital devices in 
the form of cellphones or computers as well as accessing the internet and even using 
information from the internet wisely. Critical thinking skills and problem solving are also 
needed in the learning process so that they can prepare students for the world of work in 
this era of industrial revolution 4.0. There are 10 skills in 2020, namely (1) problem solving, 
(2) critical thinking, (3) creative, (4) people management, (5) coordination with others, (6) 
emotional intelligence, (7) assessment and retrieval decisions, (8) service orientation, (9) 
bargaining, (10) cognitive flexibility (Gray, 2016). Problem solving and critical thinking 
skills are the top two skills needed by students in learning and the world of work. 
The problem-solving process is a complex process that requires many skills used 
together (Saygili, 2017). Through problem-solving skills possessed by students, they 
become more motivated and provoke a sense of desire to solve existing problems. Cai and 
Lester (2010), problem-solving is one of the most important skills in which knowledge and 
skills are used at the highest level. According to Sutini et al (2017), the critical thinking 
process is formed through four stages, namely gathering information then evaluating it, 
making solutions, and making conclusions. Siburian et al (2019) explained that the 
empowerment of critical thinking skills is very dependent on the learning model and there 
is a relationship between critical thinking and concept understanding. Rumahlatu et al. 
(2020) added that the ability to think critically can support students' understanding of the 
material being taught. 
Based on the opinions that have been submitted, it is a known fact that in the odd 
semester 2019/2020 academic year, it is known that 90.10% of students get a B grade with 
an average value of 75; 7.70% of students obtained an A grade with an average value of 
85-88, 2.20% of students obtained an E. The data shows that most students have obtained 
a satisfactory score, namely the grade of B. However, the average final score obtained by 
students is only 75, and problem-solving and critical thinking skills have not been fully 
mastered by students. The value obtained by students of 75 is the standard value for getting 
a B grade and the final grade is an accumulation of activeness (10%), assignments (15%), 
Mid Terms (30%), Finals (30%), and practicum (15%). Meanwhile, the learning and 
evaluation process also did not support the empowerment of student problem solving and 
critical thinking in learning basic microbiology. Therefore, the purpose of this study was 
to analyze the improvement of problem-solving abilities, critical thinking, and student 
motivation in learning the concept of bacteria using digital comics. 
 
 
2. Research and Method  
 
2.1 Research Type 
This type of research is a descriptive study that aims to describe an increase in 
problem-solving and critical thinking and student's motivation in learning the concept of 
bacteria using digital comics. 
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2.2 Research subject 
The research sample was all class B class 2019 students who are currently in the 
third semester The number of students who became the research sample was 26 people. 
 
2.3 Instruments and procedures 
The instruments developed in this study were test questions accompanied by 
scoring rubrics and a motivation questionnaire. The scoring rubric is a list of criteria to 
measure problem-solving and critical thinking. Motivation questionnaires are provided for 
students to assess motivation during learning. 
The research procedure is as follows: (1) making digital comics using the comic 
life application, comics containing material on the characteristics of bacteria. (2) Problem-
solving and critical thinking-based pretests are given before the application of digital 
comics in learning. (3) Implementation of learning using digital comics. (4) During the 
learning process, students assess their motivation. (5) Problem-solving and critical thinking 
based posttests are given after the application of digital comics in learning. 
 
2.4 Data Analysis 
 The research data were analyzed using descriptive statistics, namely the t-test. The 
t-test was used to analyze differences in students' problem solving and critical thinking 
abilities before and after learning, as well as differences between the I and II meetings 
during learning using digital comics "Bacterial Characteristics". 
 
 
3 Results and Discussion 
 
This digital comic "Characteristics of Bacteria" can be read using a mobile phone 
using the WPS office application or a PDF reader, making it easier for students to read and 
understand. The display of digital comics is seen in Figure 1. 
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Figure 1. Display of digital comics from cover to comic content 
 
The digital comic "Characteristics of Bacteria" consists of conversations in a 
language that is easily understood by students and empowers students to think and discuss 
events related to bacteria. The results of this study are the same as those conveyed by Azmi 
et al (2020) that android-based comics that have met valid requirements contain narratives 
and plots that can support students' critical thinking, they are also given LKPD as a means 
of discussion which contains questions about critical thinking about the material contained 
in the android comic. Furthermore, Manchester (2017) explains that comics for learning do 
not focus only on content but focus on activities and discussions through these comics. 
The results of the t-test analysis showed that there were differences in students' 
problem solving and critical thinking abilities before and after learning using digital comics 
"Bacterial Characteristics" (p <0.05) (Table 1). Meanwhile, student motivation also has a 
difference between the first meeting and the second meeting during learning using digital 
comics (p <0.05) (Table 1). 
 
Table 1. The results of the t test analysis 
Ability Mean Deviation Standard t df Sig. 
Problem 
solving 
-14.61538 2.13686 -34.876 25 .000 
Berpikir Kritis -25.57692 2.64080 -49.385 25 .000 
Motivasi -.61538 1.23538 -2.540 25 .018 
 
Digital comics contain questions for discussion and at the end of the meeting, 
students are assigned to create digital comics based on problem-solving and critical 
thinking. This is done so that the learning process can empower students' problem-solving 
skills and critical thinking. Through a series of questions to analyze a case can help students 
practice problem-solving skills (Rippen, et al., 2002). Meanwhile, Mourtos et al (2004) 
argue that problem-solving is defined as a process, used to obtain answers to a problem 
through a series of fact-finding and knowledge-finding. Through the process of reading 
comics, then discussing and practicing making digital comics students can empower their 
problem-solving skills related to bacterial material. Research by Syafii and Yasin (2013) 
shows that problem-based teaching materials can help improve students' problem-solving. 
Learning using digital comics can also improve students' critical thinking (Table 
1). The results of the same study were also conducted by Bolton-Gary (2012) using an 
alternative method in the form of comics that can guide students in constructing knowledge, 
creating understanding, increasing attention, critical thinking, and decision making. 
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Therefore, comic content that integrates conversation with critical thinking discussion can 
empower students' critical thinking skills in answering bacterial characteristics questions. 
According to Butera et al. (2014) teaching that integrates critical thinking in the process is 
more effective at supporting students in thinking. Sanders and Moulenbelt (2011) add that 
being a critical thinker they can analyze all facts, determine relevant or irrelevant facts, and 
synthesize the appropriate information. At the end of the lesson, students are also tasked 
with making digital comics containing questions to solve problems. At this stage, students 
are trained to become critical thinkers and problem solvers. Several studies have shown 
that the use of digital comics in learning can empower students' attention, explain new 
topics, simulate critical thinking, argue, be active in deduction, and link current learning 
with previous knowledge (Cheesman, 2006; Cimermanova, 2015; Koutnikova, 2017). 
After going through the learning process using digital comics for two meetings, 
students can develop their abilities and become problem solvers and critical thinkers. Also, 
students show a developing interest in studying bacteria. This is indicated by the results of 
the motivation analysis at the first and second meetings that there was a significant increase 
(Table 1). The findings in this study are the same as research by Nikmah et al (2019) which 
states that comic media is very suitable for use in learning and can increase student 
motivation in studying Newton's gravitational force material. Crăciun and Bunoiu (2019) 
also have the same opinion that comic media can increase students' interest in learning. 
 
4 Conclusion  
Based on the explanation of the research results, the conclusion in this study is that 
the use of digital comics can improve problem-solving, critical thinking, and motivation of 
the 2019 third semester biology education program students in studying Bacterial 
Characteristics material. 
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